The fluorescence of the probe 3,3'-dihexyl-2,2'-oxacarbocyanine (CC6) has been found to indicate potentials across cell membranes. Results obtained in the present study using CC6 and Drosophila mitochondria are in agreement with membrane potentials previously measured by Tupper and Tedeschi using microelectrodes. The results of both studies with Drosophila suggest that the potential across the mitochondrial membrane does not play a significant role in oxidative phosphorylation.
Tupper and Tedeschi (1-4) using microelectrodes driven by a piezo-electric device observed in giant Drosophila mitochondria, membrane potentials in the range of 10-20 mV (inside positive). The potentials do not vary significantly with metabolic conditions (2) . They depend on the integrity of the mitochondria (4) , are quantitatively predictable from the ratio of internal to external concentrations of organic anions (3, 4) using the Nernst equation, and they vary predictably with osmotically active volume (1) . The results are consistent with the interpretation that the potentials recorded are across the mitochondrial semi-permeable membrane and they represent a diffusion potential of anions distributed between the internal and external phases in accordances with a Donnan effect. The evidence is not consistent with the notion that the membrane potential plays a significant metabolic role.
This proposal is also supported by distribution of organic anions (5) and the cation methylamine (6) in rat liver mitochondria. These ions appear to permeate the mitochondria readily and to distribute according to a Donnan equilibrium.
The results obtained with microelectrodes have been questioned. Lassen et al. (7) found in Ehrlich ascites tumor cells using a similar microelectrode system, a membrane potential which depended on the K+ concentration of the medium and which decayed in a few milliseconds. After the initial decay, the steady-state potential was no longer affected by the K+ in the medium. They proposed that a similar perhaps faster decay took place in our experiments. However, in at least some other studies [e.g., Sekiya's (8) and Johnstone's (9) ] the K+-sensitive membrane potential decayed considerably more slowly (with a half-time of 10 sec in Sekiya's work). Consequently, the results of Lassen (14) and [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] 1cm2 (15) (14) . Several other workers estimate much larger potentials in actively metabolizing mitochondria. In these cases, the inside of the mitochondria has been considered negative in relation to the outside. The estimates of the magnitude and direction of the membrane potential have been based on the movement of artificial, presumably highly permeable cations and anions, upon activation of metabolism in mitochrondria or submitochondrial particles (10, 16, 17 18) , it is questionable whether the distribution of K+ is in response to the postulated mechanism.
The present work takes advantages of the fluorescent probe 3,3'-dihexyl-2,2'-oxacarbocyanine (CC6) which has been shown to respond to changes in membrane potentials in squid axons (19) and erythrocytes (20) . 
METHOD
Giant mitochondria were isolated from Drosophila virilis as previously described (1). CC6 was introduced in a concentration of approximately 0.1-0.2 ng/ml. In typical experiments, 0.05-0.1 mg of mitochondrial protein were present per ml. A Perkin-Elmer-Hitachi spectrofluorimeter was used for the measurements (model 204). Excitation was at 470 nm and the fluorescence (F) was measured at 505 nm. 
RESULTS AND DISCUSSION
The dependence of the membrane potential on the concentration of organic anions permits examining the relationship between membrane potential [as measured with microelectrodes (3, 4) ] and fluorescence. As previously shown (3, 4) the membrane potential decreases when the concentration of acetate in the medium increases in approximate agreement with our theoretical expectations. Similarly, the fluorescence also varies with sodium acetate concentration as shown in Fig. 1 (lower curve) . The NaCl concentration (upper curve) has a much smaller effect. Except where otherwise specified, the experimental conditions are those previously reported (1-3). A plot of the values obtained from Fig. 1 are compared with the membrane potentials determined with microelectrodes (3, 4) in Fig. 2 . The two correlate well. As expected from previous work (1), the fluorescence also responds to the osmotic pressure of the medium (Table 1) . Sodium acetate has no significant effect on the fluorescence of the dye in the absence of mitochondria ( Table 2 ). The mitochondria take up most of the dye (Table 3 , items 4 and 5). Although the fluorescence of the suspension is sensitive to the concentration-'of sodium acetate (Table 3 ; compare items 1, 2, and 3), the acetate does not affect the uptake of the dye (Table 3 ; compare items 4 and 6). The dependence of the fluorescence on metabolic conditions (Table 4) Table 2 ) from studies with microelectrodes. The fluorescence of the dye is not significantly affected by its binding to mitochondria. For example, in one experiment acetate decreased the fluorescence of the mitochondria-dye system by 48%. The fluorescence of the dye in the medium alone was 25.4 4h 2.2 (SD). In the presence of mitochondria it was 24.2 i 2.8 (four measurements each).
The results are entirely consistent with the notion that the mitochondrial membrane potential measured with microelectrodes is a reasonable approximation of the potential present in intact mitochrondria. The study further supports the notion that the membrane potential is the result of the diffusion of organic anions (3, 4) which in mitochondria distribute between the internal and external phase following a Donnan effect.
